Introduction
============

Attention-deficit/hyperactivity disorder (ADHD) is a lifelong neurodevelopmental disorder that is marked by various symptoms and behavioral manifestations. The core symptoms include impulsivity, inattention, and hyperactivity. Categorically speaking, it is these symptoms that are listed in diagnostic criterions such as the *Diagnostic and Statistical Manual of Mental Disorders* version 5 (DSM5). The disorder is most frequently seen among children with \~50% of those affected carrying ADHD symptomatology into adulthood.[@b1-ndt-14-293] It should also be noted that ADHD may be viewed as a continuum of symptoms and not only as a categorical construct. Twin studies have shown the importance of using the idea of the disorder as a dimensional construct that includes genetic influences and environment as risk factors, thus making the picture of the disorder very complex and not black and white.[@b35-ndt-14-293] Furthermore, ADHD has been linked to a wide range of structural and functional brain abnormalities that are presently documented by neuroimaging studies in both children and adults.[@b2-ndt-14-293]--[@b4-ndt-14-293]

There is a probable gender discrepancy in the disorder with more males diagnosed than females, this can be explained by a possible gender bias and/or error in diagnostic criteria.[@b5-ndt-14-293] There is also a strong genetic link associated with the disorder.[@b6-ndt-14-293] In the case of adult ADHD, it has been associated with perilous lifestyles such as drug abuse, smoking, poor dietary habits, in particular compulsive eating, as well as a general preference for sedentary living.[@b7-ndt-14-293],[@b8-ndt-14-293]

Most of these lifestyles are likely associated with hedonism and impulsive behavior.[@b9-ndt-14-293] The majority of these lifestyles can result in serious health issues (obesity, hypertension, heart disease, and risky behaviors, such as reckless driving and suicidal ideation).[@b9-ndt-14-293],[@b10-ndt-14-293] ADHD is often connected with sleep problems, and it is not clear whether it is a real comorbidity or a result of specific sleeping habits. This is especially noted in children.[@b11-ndt-14-293],[@b12-ndt-14-293]

Poor diet is a significant lifestyle issue associated with ADHD; it is common both in children and in adults with some light differences seen between the genders, with binge eating being more common among men and eating disorders, such as bulimia nervosa, more seen among women. These comorbidities can mask ADHD and can lead to misdiagnosis especially in girls; furthermore, women with the disorder tend to express less externalizing behaviors, and the disorder is often unnoticed and not diagnosed leading to an apparent gender disparity.[@b13-ndt-14-293],[@b14-ndt-14-293]

Children with the disorder are often stigmatized within the school setting. This is especially common among males and in schools which provide less recreational time and physical exercise for the students.[@b15-ndt-14-293]

Good parenting styles seem to be a protective factor for certain ADHD-related lifestyles and behaviors, this is consistent with previous research on the benefits of authoritative parenting in managing children and adolescents with the disorder. The protective effects extend to lower rates of externalizing disorders and notable improvement in the quality of life for the individuals.[@b16-ndt-14-293] Recently the benefits and protective effects of parenting have also been noted in adults with ADHD. An American study exploring this factor followed a sample of 92 undergraduate students; it was found that the students with ADHD were at a higher risk of sexually transmitted diseases/infections compared with healthy controls, and that previous closeness with their mothers in childhood had a protective effect, compared with those with ADHD, but with neglectful mothers.[@b17-ndt-14-293]

Nicotinism and substance abuse are very also associated with ADHD -- one explanation may be a genetic predisposition.[@b18-ndt-14-293] ADHD and substance abuse tend to share genetic liabilities; one of the risk factors is an abnormality in the *DRD-4* gene that is partially responsible for dopamine regulation. The genetic factor should be looked at from an epigenetic perspective; it is a risk factor that is raised substantially with a poor environment, such as with low socioeconomic status and neglectful parenting and family conflicts.[@b19-ndt-14-293] From an epidemiological perspective, adults with ADHD tend to have higher rates of nicotinism and cannabis use as well as a tendency to abuse other illegal drugs, to a higher extent than non-diagnosed individuals and individuals without ADHD symptoms. Those with ADHD also report that they begin to experiment with drugs at a much earlier age than other drug users. Paradoxically, compared with other types of drug addictions such as cocaine addiction and nicotinism, ADHD was found to be negatively correlated with problem drinking and/or alcoholism. Furthermore, other common comorbidities associated with adult ADHD are antisocial personality disorder, substance abuse and binge eating, especially among males.[@b20-ndt-14-293]

The recent research on ADHD and cerebellar dysfunction and abnormalities helps to shed light on ADHD and the associated neural mechanisms of substance abuse. For example, cigarette smoking is generally associated with cognitive and structural dysfunction in the general population but was found to have positive effects on ADHD symptoms. The positive effects of smoking on ADHD symptoms can be directly attributed to nicotine, which was found to increase attentiveness and alertness in those with the disorder; this could be one of the reasons for higher rates of nicotinism among those affected with the disorder and could be a possible form of self-medication.[@b21-ndt-14-293]--[@b23-ndt-14-293]

As was previously mentioned, those with the disorder tend to experiment with drugs at a very early age. In a study conducted in patients inside a major addiction clinic in Brazil, over 60% of those with cocaine addiction had ADHD; they were also likely to have initiated their drug use at a much earlier age than the other individuals not diagnosed with ADHD.[@b24-ndt-14-293] Interestingly, some medications for ADHD tend to have a protective factor against later addiction and drug abuse. For example, those prescribed D-amphetamine were much less likely to use either cannabis and/or cocaine.[@b25-ndt-14-293] The same was noted in long-term animal studies, especially in rodents where mixed amphetamine salts had a protective effect and resulted in later abstinence from cocaine use in the laboratory setting. However, methylphenidate when administered in adolescence was suspected to be a risk factor for later cocaine abuse and addiction.[@b26-ndt-14-293]

In a similar way to substance abuse and chemical dependencies, those affected with ADHD are often more prone to electronic addictions such as pathological internet use, which includes impulsive gaming and addictive behaviors associated with social media.[@b27-ndt-14-293] An especially dangerous correlation found in those with high ADHD symptomatology was an urge to use the social network sites while driving. It was noted that those with ADHD symptoms had higher stress levels and felt a much more impulsive need to use the sites/applications even while behind the wheel of a car, thus raising the risk of automobile accidents, endangering themselves and others. Males showed higher impulsivity and addictive behaviors with social media sites, often logging in and checking "updates" as a way to relieve the discomfort of not being connected.[@b10-ndt-14-293]

To our knowledge, there is currently no study focusing on lifestyles and general ADHD symptoms in the Czech population. We believe that the lifestyles associated with adult ADHD are one of the core elements of the disorder and can give insight into treatment and management of the disorder.

Materials and methods
=====================

Study population
----------------

A sample of adults aged 18--60 years from the Czech Republic was recruited by a professional polling and statistics agency (STEM/MARK, a.s.). The subjects were randomly chosen from a Czech National Panel and the questioning was done through computer-assisted web interviewing method. Participants aged 18--49 years (N=756) were recruited online and participants aged ≥50 years (N=256) via direct phone interview. This distinction was made due to easier accessibility of participants in each age category. Because of the use of this method, the dropout rate remains unknown. The sample consisted of 1,012 participants, of whom 507 were males and 505 were females. There were no statistical differences between the two types of data collections.

All data were analyzed through frequency tables and a logistic regression model which was build for ADHD Self-Report Scale (ASRS V. 1.1) score and lifestyle questionnaire using the Stata V. 14 program. The study was approved by the Ethical Committee of the First Medical Faculty of Charles University in Prague. All participants signed written informed consent forms prior to taking part in the study.

Standardized tests and a lifestyle questionnaire
------------------------------------------------

The participants of this study were administered using ASRS V. 1.1 to assess ADHD symptomatology with scores from 0 to 6, with 0 being no ADHD symptoms and 6 being extremely severe symptoms. The range of 5--6 points is considered indicative of high symptomatology of adult ADHD, that is, the individual is diagnosable as having ADHD. The result of 4 points suggests that the clinician must further investigate whether the patient is suffering from the disorder. Scores of 0--3 indicate none or weak symptoms (0) to a low number of symptoms and low probabilities of ADHD. The ASRS V. 1.1 questionnaire is standardized and considered a very reliable method of assessing ADHD symptomatology within the adult population.[@b28-ndt-14-293] Following the demographic information and ASRS, the participants filled out self-report questions regarding their lifestyles in this order: healthy lifestyles such as their diet and exercise routines, cigarette and tobacco usage, use of illegal substances, physical activity and sports, hours watching TV per day, how many meals they consume per day, sweets and sugar consumption, daytime tiredness and sleepiness, and sleeping habits. The questions were both open and closed, for example, "Do you smoke cigarettes?" Yes or No, and "How many do you smoke?" Some were put into ranges such as, "How many hours of television do you watch per day?" with ranges including 0--1 hours up to 12 hours or more. Furthermore, certain questions regarding drug use were rated 0--4 with 0 being a protective factor (eg, Do you use cocaine? No =0). For the regression model, we included only certain lifestyle behaviours and observed their association with higher ADHD symptomatology. The questionnaire was built on previous research from the authors.

Results
=======

ADHD and gender
---------------

The ASRS results for men and women are presented in [Table 1](#t1-ndt-14-293){ref-type="table"}. We found no statistically significant gender differences in ASRS scores. In total, 449 males and 456 females (77.52% of males and 78.42% of females) scored below the threshold of high ADHD symptomatology with 0--3 ASRS score. In the mild symptom category of ASRS 4, there were 37 males and 36 females (7.3% and 7.13% of the sample, respectively). The high symptomatology of 5 or 6 ASRS score was observed in 21 males (4.14% of the male sample) and 13 females (2.57% of the female sample).

ADHD and lifestyles
-------------------

[Table 2](#t2-ndt-14-293){ref-type="table"} provides information on the results of ordered logistic regression of ASRS scores and significant variables inquiring about various lifestyles of the respondents. While some results confirmed our expectations, others conveyed unexpected results.

The results generally confirm that high ADHD symptoms such as impulsivity and inattentiveness as measured by the ASRS V. 1.1 are associated with specific lifestyles. We also found some surprising behavioral tendencies. As expected, those respondents with higher ADHD tendencies/symptoms were significantly more prone to an overall unhealthy lifestyle -- assessed by a general question regarding regular diet, healthy drinking regime, and regular sleep (OR =1.21). Also, as we expected, respondents with increased ADHD symptoms admitted a 41% higher tendency to higher use of marijuana (OR =0.59) and an increased tendency to abuse other substances (OR =0.34); but very surprisingly, high ADHD symptoms score was negatively related to smoking (OR =1.41).

With respect to meals, participants with higher ADHD symptoms reported more frequent eating of main meals (OR =0.84) but, in concordance with expectations, less frequent consumption of portions of fruits and vegetables (OR =1.29) and more frequent snacking on sweets (OR =1.37). Our sample confirms that ADHD symptoms correlate with sleep issues, both with sleep disorders (OR =0.73) and sleepiness during the day (OR =0.46). During their free time, respondents with high ADHD symptomatology appear to spend only slightly less time watching TV than their counterparts with lower ASRS scores (OR =0.95) but they report higher engagement in physical activity and sports (OR =1.35).

Surprisingly, other drugs of abuse such as cocaine and heroin were not found to have significance among either the non-diagnosable low ASRS scorers or the ADHD high symptoms group.

Discussion
==========

This study is the first in the Czech Republic reviewing adult symptoms of ADHD in terms of their intensity and the associated lifestyles, regardless of diagnosis. With an average of 3.36% of the individuals sample displaying increased ADHD symptomatology, the lifestyles are of the utmost importance for the study and for learning more about what could constitute key aspects of the disorder. Many of the lifestyles that we explored are consistent with previous research regarding the negative health outcomes of ADHD, such as poor diets, obesity, and poorer overall health.[@b9-ndt-14-293]

In terms of standardized tests we opted for the ASRS V. 1.1 which is one of the most reliable tests for assessing ADHD symptoms and is used in the clinical realm to assist clinicians in diagnosing individuals.[@b28-ndt-14-293] Nonetheless, it is very important to note that a high symptoms score, such as 5--6, is not enough to draw a definite ADHD diagnosis and is only indicative of strong symptomatology, according to this instrument. Therefore, further exploration into association between ADHD diagnosis and lifestly would be advised.

In the self report questions about lifestyle, we found that most subjects with high ADHD symptomatology (ASRS scores of 5--6) rated their lifestyles as unhealthy (OR =1.24). This showed a high level of awareness and a finding that could be quite beneficial for those seeking psychotherapy, and for clinicians to focus on.

The literature on dietary habits and certain deficits seen in children diagnosed with ADHD is quite abundant, often reporting that those with the disorder tend to have iron deficiency, omega 3 and 6 imbalances, consume high amounts of fast food and sweets, resulting in an overall imbalanced diet,[@b29-ndt-14-293] as well as obesity and hypertension.[@b7-ndt-14-293],[@b9-ndt-14-293] This can be the result of a possible form of self-medicating with unhealthy food, binge eating, and addiction to problematic food (ie, sugary food). This would especially be the case when the poor diet is combined with a sedentary lifestyle. Surprisingly, ADHD-prone respondents from our sample reported more physical activity and less TV watching and computer gaming than we expected. We did not ask about other games such as console systems or games on their cell phones, which may be a limitation for looking into the electronic gaming factor.

Insomnia and daytime fatigue were both statistically relevant results found in the high symptom group. This was consistent with both research in the field and our hypothesis. For instance, a previous study observing adults diagnosed with ADHD found that within the group, 62% suffered from fatigue or daytime sleepiness, often in connection with insomnia.[@b30-ndt-14-293] We did not take into account the information on the individuals taking ADHD drugs or other psychiatric drugs in relation to sleep. This may be seen as a confound when looking at insomnia, especially since most drugs used for ADHD are stimulants. In a previous study on ADHD and insomnia, it was found that \~67% of the ADHD group suffered from insomnia compared with 20% of the healthy control group. Paradoxically, those taking stimulant prescription drugs for ADHD had lower rates of insomnia than the unmedicated individuals with the disorder.[@b31-ndt-14-293]

Sports and/or physical exercise have been consistently found to improve the outcome of the disorder in both children and adults.[@b32-ndt-14-293] Paradoxically in our study, those who reported regular physical activity also had higher odds of ADHD symptomatology, which is something that needs to be further investigated. The study was cross-sectional a design and thus we might conclude that people with higher ADHD symptoms may excercise more. An extensive literature review found that cardiovascular exercise such as running or team sports have the most benefit for ADHD patients but non-cardio exercise such as weight lifting also had a protective effect.[@b33-ndt-14-293]

One of the most surprising results of our study was the lower rates of nicotine use and cigarette smoking among those with higher ASRS scores. This was unexpected due to the fact that most of the literature on ADHD and nicotinism focuses on those already diagnosed with the disorder and their smoking rates. Some indications show nicotine as reducing ADHD symptoms such as inattentiveness and helping those with the disorder in concentrating.[@b22-ndt-14-293] This is a finding that could possibly explain the fact that lower rates of smoking are seen in our study in terms of higher symptoms. Nicotine could be helpful in reducing the symptoms and can be used as a form of self-medication, thus those with more intense symptoms may be self-medicating less with nicotine.[@b34-ndt-14-293],[@b35-ndt-14-293] A study examining nicotine and its implications in lowering symptoms of ADHD found that it lowered ADHD symptoms by up to 9% in both nicotine-naive individuals and regular smokers.[@b23-ndt-14-293] This association needs further investigation as it could play an important role in the neurological factors associated with ADHD.

In terms of drug use, cannabis and experimentation with solvents were found among the ADHD population at an increased level. The higher rates of cannabis use/abuse was consistent with our hypothesis and predictions as well as with a vast amount of literature on the subject. One very surprising finding was the lower use of cocaine among those in our sample. This is surprising as generally cocaine addiction along with nicotinism are the most common dependencies seen in those with ADHD.[@b8-ndt-14-293],[@b18-ndt-14-293],[@b20-ndt-14-293] The low use of cocaine in our sample may be due to lower availability of the drug or high price in the Czech Republic and/or other factors.

Overall, we believe that the negative lifestyle habits associated with high-intensity symptoms should be well noted by clinicians in order to help those suffering from the disorder. These lifestyles could possibly constitute one of the core manifestations of the disorder in its adult form, and we hope our research will inspire more investigation into this topic.

Conclusion
==========

In our study, several lifestyle habits that were noted in previous ADHD literature were found to be associated with higher intensity of ADHD symptoms, such as cannabis use and poor diet (including higher consumption of sweets). Other factors usually associated with the disorder such as cocaine addiction were less prominent among the Czech sample. Nicotine use and smoking were less associated with high-intensity ADHD symptoms possibly due to self-medication phenomena and lowering of symptoms. In other words, as we looked only at symptoms and not diagnosis, it could mean that nicotine is improving symptomatology in these individuals. However, we did not observe the same effect in physical activity: we observed increased levels of exercise in those with high ASRS scores. We believe that studying the lifestyles associated with adult ADHD is very important to help those suffering from it, as they could represent core aspects of the clinical presentation of the disorder. From the finding that those in our sample showed high awareness of their poor lifestyle habits and choices, we believe that this gives clinicians a further tool for inquiry and investigation of whether ADHD is present. We recommend that clinicians take a holistic approach and not neglect lifestyles along with social and environmental influences when dealing with adults who may be suffering from the adult form of ADHD.
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###### 

ASRS score and gender

  ASRS score   Males   Females         
  ------------ ------- --------- ----- -------
  0            187     36.88     182   36.04
  1            121     23.87     133   26.34
  2            85      16.77     81    16.04
  3            56      11.05     60    11.88
  4            37      7.30      36    7.13
  5            15      2.96      8     1.58
  6            6       1.18      5     0.99
  Total        507     100       505   100

**Note:** Pearson *χ*^2^ (6) =3.1001, probability =0.796.

**Abbreviation:** ASRS, Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale.

###### 

Ordered logistic regression of ASRS scores and lifestyle variables

  Ordered logistic regression                                                                                                                                                                                          
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------ ------ ------- ------- ------ ------
  Do you adhere to principles of a healthy lifestyle? (regular diet, healthy drinking regime, regular sleep) (Yes 1, Sometimes 2, Rarely 3, No 4, I don't know what they are 5)   1.21   0.11   2.22    0.027   1.02   1.42
  Do you smoke cigarettes? (Yes 1, No 2)                                                                                                                                          1.47   0.19   2.91    0.004   1.13   1.92
  Use of illegal substances -- marijuana (Yes, I use them regularly 1, I used them regularly in the past 2, I tried them 3, No 4)                                                 0.59   0.06   −4.91   0.000   0.48   0.73
  Use of illegal substances -- volatile substances (Yes, I use them regularly 1, I used them regularly in the past 2, I tried them 3, No 4)                                       0.34   0.14   −2.59   0.010   0.15   0.77
  Are you regularly involved in physical activity/sport? (No 1, Yes 2)                                                                                                            1.35   0.17   2.39    0.020   1.05   1.74
  During a typical day, how much time do you spend watching TV: hours                                                                                                             0.95   0.02   −2.02   0.044   0.89   0.99
  How many main meals do you consume a day? (four main meals daily, two to three main meals daily, one or two main meals daily)                                                   0.84   0.07   −1.91   0.057   0.71   1.00
  How many portions of fruits/vegetables do you eat? (more than four portions a day, two to three portions a day, one or none)                                                    1.29   0.15   2.27    0.023   1.03   1.60
  How often do you eat sweets? (three times a week or less, four to five times a week, every day)                                                                                 1.37   0.11   4.11    0.000   1.17   1.59
  Are you extremely sleepy or tired during the day? (Yes 1, No 2)                                                                                                                 0.46   0.06   −5.90   0.000   0.36   0.59
  Do you have trouble with sleep at night? (Yes 1, No 2)                                                                                                                          0.73   0.09   −2.46   0.014   0.59   0.97

**Abbreviations:** ASRS, Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale; LR, likelihood ratio; obs, observations; SE, standard error.
